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ABSTRACT
The Automated Environmental Information and Design 
Analysis System provides a method for developing an 
environmental state inventory, develops a method for 
land use modeling, and provides a method for land use 
cost analysis. The kinds of environmental data used in 
the inventory are identified and their important attri­
butes are described. Sources and quality of the data 
are discussed. The conversion of environmental data to 
a format that is used for computerized inventory and 
modeling purposes is described in detail. The system 
allows graphic or tabular representation of inventory, 
suitability and functional cost variables.
Sample data and examples provided are from Chester­
field County in Virginia. The area chosen for study pro­
vides sufficiently varied topographic features for clearly 
identifiable graphic displays of environmental information.
This document describes the important features of 
the programs, their interrelationships, and the selectable 
options provided. The programs are functionally modular 
and each may be executed with limiting constraints as a 
series of steps. The steps lead from data derived from 
maps to relative expenses incurred in particular environ­
mental uses. The programs are written in standard ANSCI 
FORTRAN to allow as much machine independence as possible.
THE AUTOMATED ENVIRONMENTAL INFORMATION 
AND DESIGN ANALYSIS SYSTEM
INTRODUCTION
In the recent past, great concern has been exhibited 
by a number of people over the declining quality of life. 
These people have varied backgrounds and tend to approach 
the problem in a limited manner, attacking the problem 
of most immediate concern to themselves. This is not 
intended to detract from their work in any way. They are 
important in supplying the elements for a systematic 
approach to maintaining and improving the quality of life.
The systematic approach used is known as Environmental 
Design. Environmental Design is an attempt to establish 
order on the developmental patterns of human populations.
The developmental patterns have had and continue to have 
disastrous effects on the natural environment is which we 
live. Environmental Design approaches the problem simul­
taneously from the points of view of a number of disciplines.
Man's developmental patterns have a direct relation­
ship on his quality of life. Urban sprawl, pollutants in 
the air and water and the disintegration of inner cities 
are but a few of the problems affecting the quality of 
life. Because of the diverse and complex nature of the 
problems involved between man and his environment, a 
systematic effort is required.
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This writer hopes to generate and propagate ideas 
concerning a crisis situation. In many cases in the past 
and with increasing frequency in the present, human survi­
val is affected by misuse of the natural environment. The 
actual research involved in this paper attacks one impor­
tant facet of the problem. The technique used in this 
research blends geology, soil science, and computer science 
to identify the current state of the environment and pro­
vide an idea of the cost of alternative uses of land by 
man. The technique is applied to a portion of Chesterfield 
County in Virginia (Figure 1.) .
A number of authors have written on the environmental 
problem. Brian J. Skinner in Earth Resources recognizes 
two environmental resource types. The types indicated are 
renewable resources derived from living matter replenished 
each season, and mineral resources that are not renewed 
except over long periods of geologic time. The primary 
emphasis of the work is concerned with a categorization of 
non-renewable resources, their abundance and existing reserves.
A work on environmental law by Arnold W. Reitze, Jr. 
entitled Environmental Planning: Law of Land and Resources,
traces the history of zoning practices and city building 
from the first human settlements to the present. Environ­
mental law and court cases are cited. State, national, 
and international protective policy decisions and laws are 
discussed. The misuse of many natural resources is 
described in detail.
In Global EnVi ronmenta1 Monitoring, written as a 
United Nations report by the Commission on Monitoring of 
the Scientific Committee on Problems of the Environment 
(SCOPE) of the International Council of Scientific Unions 
(ICSU), the world's environmental state is discussed.
The life sustaining qualities of the oceans and climatic 
changes are two of the areas of major concern. Critical 
environmental problems are specified and recommendations 
are made regarding the environmental variables that should 
be monitored on a global basis. Many of the complicated 
interrelationships between man and his environment are 
discussed in detail.
Several works are available that describe the planning 
of a "total" environment. The work by Ian L. McHarg,
Design With Nature is a milestone in treating the environ­
ment as a large system. McHarg discusses important envir­
onmental resources, degradative utilization, and the 
interrelationships that exist between man and his natural, 
man made, social, and psychic environments. A method is 
simultaneously advanced for treating multiple environmental 
variables using manual drafting techniques. A large por­
tion of the work is concerned with the creation and main­
tenance of a good quality of life. A good quality of life 
is regarded as a harmonious balance between man and nature. 
The balance gives life a more aesthetic meaning.
Environmental Design by Richard P. Dober treats the 
design of cities from an architectural and aesthetic point 
of view. Little reference is made to natural resources.
5The elements comprising a city are specified with many 
examples of alternative answers to recognized planning 
problems.
In Man's Impact on the Global Environment, a report 
sponsored by the Massachusetts Institute of Technology, 
the emphasis was on the global climatic and ecological 
effects of several specific pollutants in the atmosphere - 
land - ocean system. A large portion of the work is con­
cerned with the monitoring and handling of environmental 
data. Findings and recommendations for research were 
presented.
Several works on automated environmental information 
systems have been written. Most of these works define 
important environmental variables and provide an inventory 
system. Some of these systems provide a method for eval­
uating data bases for the simultaneous existence of 
selected variables.
In Models, Evaluations and Information Systems for 
Planners, a number of papers are presented on urban and 
regional modeling and the evaluation of models. The papers 
were presented by the Urban Systems Group at the Center for 
Land Use and Built Form Studies at Pembroke College, 
Cambridge, England. Data base structures and information 
systems for urban planning are discussed in detail.
Computer - Based Land Use Suitability Maps by Ralph 
W. Kiefer presents an automated material resources inven­
tory and suitability scheme. Computer methods for displaying 
the values associated with variables by means of characters
6of different optical densities are presented. Frequency 
of occurence statistics are provided to aid in the planning 
effort.
The Natural Resources Plan presented by the Bucks 
County (Pennsylvania) Planning Commission, describes a 
systematic approach to environmental protection. Natural 
resources are defined and a method of determining functional 
relationships with man is specified. Examples for displaying 
resources in a quantitative manner are presented.
In all of the cited works, concern is expressed for 
the preservation of important natural resources, and the 
impact of man on the environment is related in many ways.
I. THE IMPORTANCE OF ENVIRONMENTAL DESIGN
A. The Environmental Problem
The deteriorating quality of the environment has become 
increasingly evident in the past few decades. Public con­
cern has manifested itself in the formation of environ­
mental conservation groups whose primary purpose is to act 
as advocate for responsible environmental planning. The 
general "laissez-faire" attitude that has existed in the 
past has resulted in a state of constantly decreasing qual­
ity of life.^
The environment in which we exist is divided into 
four categories. The first, the natural environment, is 
composed of those elements that exist by virtue of histor­
ical, biological, and geological formations. The second 
environmental category, the man-made environment, is 
composed of the alterations to the natural enviroment that 
have been made by man to allow inhabitability and economic 
use of the natural environment. The third category, the 
social environment, is composed of the class of inter­
actions of individuals with others. The social environment 
involves the static or dynamic interactions between men.
This environmental type may include religious, educational,
^Ian L. McHarg, Design with Nature (Garden City, New 
York: Doubleday, 1971), pp. 19-24.
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8and ethnic considerations among others. The fourth cate­
gory, the psychic environment of the individual, is the 
individual's perceived relationship to the external world. 
This category involves such items as emotions, traits, and 
behavior patterns.
The well-being of the system that is constituted by 
the four environmental categories is the concern of this 
paper. That the well-being of the system is threatened is 
seen from the continuous news media coverage of man-made 
and natural disasters. The problems that threaten the 
well-being of the environment can be traced in many instan­
ces to the lack of long range environmental planning.
At the outset of any environmental study, major 
difficulties are apparent immediately. The first need of 
an environmental study is data. A number of federal, state 
and local agencies exist to provide this data. Unfortun­
ately, if the data exists, it does not exist in an inter­
related form, i.e., each component of the natural environ­
ment is usually categorized and maintained separately.
The factual data, in many cases, has limited definitive 
scientific foundation.
Other difficulties are found in the philosophic atti­
tude towards long range environmental planning, as is 
exhibited by traditional American social and economic ideals. 
Planning is repugnant to many because of conflicting inter­
relationships between the individual and his government.
An attitude exists that long range planning of any nature 
has historically failed, and because it has failed, future 
planning should be viewed with suspicion.
9In spite of the enormity of the environmental problem, 
this work attempts to define problem areas, define impor­
tant environmental resources, establish a case data base, 
establish use criteria, and provide a meaningful cost 
analysis tool to aid in the planning effort.
B. Philosophical Considerations
In any investigation involving environmental design, 
the prevailing attitudes towards planning and property own­
ership should be considered. Planning is defined within 
the scope of this paper as the development of an organized 
best fit environmental use design. The concept of property 
ownership is an ill-defined relationship that exists 
between the individual, the society, and a tangible item.
No clear definition of property ownership exists.
The tangible item of importance with planning under consid­
eration is land. Land ownership is an artificail division 
of the environment that gives the individual certain priv­
ileges with regard to the land, and therefore, the environ­
ment. Land ownership conflicts to some extent with all 
four environmental categories previously mentioned.
In obtaining the ownership of land, certain legal re­
strictions may limit the use of that land. Legal restric­
tions may involve covenants that state what is considered 
to be misuse of the land. Land may be obtained with or 
without mineral, water, or other rights. The legal docu­
ment that transfers land ownership from one individual to 
another defines some of the restrictions placed on that 
ownership.
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Other restrictions on ownership are specified by the 
societal environment. The rights of the society are ex­
pressed in the form of governmental regulations. These 
regulations are found in zoning and land use laws. The 
rights of the land owner are expressed in the form of ’ 
zoning hearings and judicial litigation.
From the existence of land use laws, zoning regulations, 
and legal covenants, it is safe to infer that ownership 
does not imply absolute ownership of the land. Environ­
mental use planning requires that a delicate balance be 
maintained between the individual and the society to pre­
vent misuse of the environment by the individual and to 
prevent too rigid a control of the individual by the soci­
ety. "There is an almost indigenous American fear of 
planning as though the soil itself nurtured the sparks of 
resistance to any bonds stronger that those of the Iroquois 
Confederation. Yet, paradoxically, it was a rebellion for
liberty that forged over this land its strongest human
2
force for control: our Federal Government."
The conflict of rights possessed by the individual 
and society is currently being fought in judicial litiga­
tion. The current trend is a reaffirmation of the indi­
vidual owner's rights and is the result of arbitrary 
planning decisions made in the past. Historically, plan­
ning has developed after zoning regulations were in force.
The zoning regulations were made to separate industry
2Arnold W. Reitze, Jr., Environmental Planning: Law
of Land and Resources (Washington, D.C.: North American
International, 1974), p. ix.
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from residence, or economic interests from one another.
"By the end of the 17th Century, at least one quasi-zoning
ordinance existed in the British Colonies here that was
designed to help move legal but annoying commercial activ-
3
lties to less bothersome locations." Zoning has evolved, 
in many cases, to a grid placed on a map that indicates 
between what boundaries a particular land use may exist. 
Zoning in this manner is ineffective, for it imposes 
artificial limitations on the growth of elements of a 
community, makes certain kinds of land artificially scarce, 
therefore, costly, and totally ignores the qualities of 
the environment symbolically represented.
The conflict that exists today between the individ­
ual and society over ownership of the land has not always 
existed. Communal ownership of land existed in the early 
New England settlements of North America. A frontier land 
ownership philosophy of absolute right began with the 
Federal Homestead Act of 186 2. The purpose of this legis­
lation was to stimulate settlement and improve wild, 
unoccupied land.^
Today, little undeveloped and unoccupied land exists 
in the United States. The approximate population in 1862 
was 31 million, and in 1976, the approximate population
5
was 219 million. The fact that populations have no 
unoccupied land to migrate to implies a large increase in
^Ibid. pp. 1-18.
4
Ibid. p. 5.
5
Morris Harth, ed., The New York Times Encyclopedic 
Almanac (New York: New York Times, 1971). p. 146.
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population density will occur. This means that it is 
important to review and perhaps redefine what land owner­
ship means.
C. Environmental Interrelationships
The portion of the earth in which life is possible is 
a relatively thin band. This band, known as the biosphere, 
has an extent of roughly eleven miles from the lowest 
regions where life is possible to the highest. The bio­
sphere is subdivided into a large number of ecosystems.
An ecosystem is defined as "a natural unit of living
and nonliving parts that interact to produce a stable
system in which the exchange of materials between living
6and nonliving parts follows a circular path." A number 
of such interactions may occur simultaneously in an eco­
system. The interactions, natural cycles, may be perfect 
or imperfect. In perfect cycles, a nonliving component 
of the system is used, then returned to the system in its 
original form. In an imperfect cycle, a nonliving compo­
nent of the system is used, then only partially returned 
to the system in its original form. When material is lost, 
it has undergone a transformation making it inaccessible 
for organic purposes. No cycle is entirely perfect. 
"Perfect" is a convenient label applied to cycles in which 
the loss is minimal.
Claude A. Villee and Vincent G. Dethier, Biological 
Principles and Processes (Philadelphia: W. B. Saunders,
1971), "p. 304.
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The basic cycles that allow life to persist on the 
earth are: the water cycle; the carbon oxygen cycle;
the nitrogen cycle; the sulphur cycle; and various trace 
element cycles. These cycles have in common a gaseous 
phase that is important in the flow between organic and 
inorganic states. Two cycles, the phosphorous and the 
energy cycle are imperfect. The phosphorous cycle is 
imperfect because the rate of use is much faster than the 
rate of return. The energy cycle, unlike other cycles, 
is not closed. Energy, although clearly not destroyed, is 
eventually lost to the system via heat. Imperfect cycles 
act as natural limiting factors of the life sustaining 
ability of the earth.
An ecosystem is a system in which energy and materials 
circulate. To operate, the system requires a constant 
supply of solar energy, sunlight. Given this energy, the 
system operates as follows: the producers, green plants,
will form organic materials by photosynthesis. The primary 
consumers will eat some of the producers and thereby . 
receive their supply of energy and nutrients. Each higher 
link in the food chain will get its energy from the level 
below it. When death occurs, the ecosystem*s transformers, 
bacteria, will convert the remains into a form than can be 
used by plants again.
The flow of energy in ecosystems determines the number 
and total weight of organisms at each level in the ecosystem. 
The flow of energy at each level decreases greatly because
14
of the cumulative heat energy loss of the preceding levels 
in the food chain.
Man is at the top of a number of food chains. The 
size of the human population or any animal population is 
limited by the amount of energy falling on the earth, the 
efficiency of energy transfer at each level in the consumer 
hierarchy, and the number of levels in the hierarchy.
The organisms in a given region are determined by 
physical and biological factors of the environment. Organ­
isms in a region exist in a state of constant change. If 
a population grows faster than its food supply, equilibrium 
is restored by an increased death rate. A delicate balance 
exists in the organic systems of which man is a part. If 
an imbalance occurs, a catalytic effect may reduce the life 
sustaining ability of the systems.
Human populations are part of large ecosystems. "Man 
has wittingly and unwittingly exercised a great deal of 
control over his environment and has modified the commun­
ities and ecosystems of which he is a part. However, his 
Control of the environment is far from complete, and man
must, like other plants and animals, learn to adapt to
7
those situations which he cannot change." The human popu­
lation, like most biological populations, grows at an 
exponential rate when unchecked. According the the 
Malthusian principle, populations tread on the limits of 
subsistence.
7Ibid. p. 317.
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D. The Impact of Man
As man's population increases, so does his influence 
on the ecosystem of which he is a part. Man as a consumer 
at the top of the food chain hierarchy, is bringing land 
into cultivation at a tremendous rate and intensity. In 
addition to the rate of land utilization for agricultural 
purposes, the rates of land use for industry, residence, 
commerce, and transportation, are also proportionately 
great. The basic forces behind the high rate of utiliza­
tion are the continued high population growth rate and a
g
contemporary high economic growth rate philosophy. Even-
9
tually population growth rate must be limited. When and 
how are unknown.
High population densities tend to correlate with a 
high incidence of aberrant behavior patterns. Safe popu­
lation densities for human beings are not known. "Man 
has generally avoided the worst of these disturbances 
(psychological) through a variety of social and architec­
tural conventions and especially by learning to develop 
psychological unawareness of his surroundings. In extreme­
ly crowded environments, each of us lives, as it were, in 
a world of his own. Eventually though, this adaption to 
crowding decreases man's ability to relate to other human
8Ronald G. Ridker, "To Grow or Not to Grow: That's Not
the Relevant Question," Science Journal, December, 1973. 
p. 1315.
^Ibid. p. 1318.
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beings. He may become unaware of their presence and 
totally antisocial."^
High population densities relate strongly to the value 
placed on the individual. "Faced with mounting populations 
and diminishing world resources, we have moved from talking 
about the value of life to talking about its worthlessness 
under certain conditions, from discussing the Green Revolu­
tion that would feed millions to championing the right to 
die. Evidence is mounting from all sectors of society that 
our culture no longer values human life as it once did."*^ 
High population densities also correlate with over­
crowding.
Overcrowding occurs when the size of an 
animal population inhabiting a specific area 
increases to the point of 'territorial com­
pression. ' Overcrowding usually elicits 
bizarre behavior patterns that result in pop­
ulation dropoff. Hormonal changes occur that 
make animals more aggressive. The constant 
stimulation of the adrenal gland usually 
results in hypertrophy (abnormal growth), 
which often leads to death and/or decreased 
reproduction. Normal patterns of courtship, - 
mating, nest building, and child care are 
often replaced by homosexuality, promiscuity, 
child neglect, cannibalism, and infanticide.
The usual social patterns degenerate into what 
some call a behavior sink. It is sometimes 
said that many of the social pathologies of 
modern man, such as crime, child abuse, deviant 
sexual practices, apathy, and indifference, are 
due, in part, to the high population densities 
of cities.12
Overcrowding is known to have a severe effect on the psy-
"^Rene Dubos, "Man Overadapting to the Environment," 
Psychology Today, February, 1971, p. 52.
■^Elizabeth Hall with Paul Cameron, "Our Failing 
Reverence for Life," Psychology Today, April, 197 6, p. 104.
12Lauren Longman, "Overcrowding," Encyclopedia of Sociol­
ogy (Guilford, Conn., Dushkin Publishing Group, 1974), p. 203.
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chological well-being of human beings. Individuals raised 
in overcrowded environments may exhibit psychological dis­
turbances and intellectual deprivation.
Historically, populations exhibiting high population 
densities that exceed natural resource requirements will 
war with those having resources. In general, man has 
proved himself to be a territorial animal who, when limited 
by lack of resource or space, will extend into the sur­
rounding environment in search of space and resources.
E. Environmental Use Planning 
The use of land in a nondestructive manner is of 
primary importance for the well being of present and 
future generations. The environmental problems facing 
us today have resulted from the cumulative side effects 
of societal changes that have transformed man from a 
primitive nomad to an industrial urban dweller. During 
the intermediary steps in this transformation, extensive 
land use planning was unnecessary because of the low 
population densities and the great abundance of land. 
Whenever an area became too cluttered with the debris of 
extended living or was no longer economically viable, 
migrations took place to unoccupied areas.
Population movements to uninhabited areas are 
almost impossible today, since there is a population of 
approximately four billion currently, and population of 
seven billion is projected for the year 2,000 A.D. The 
planning of where to put the people is only a small part 
of a much larger problem. The major problem is one of
18
survival. Our survival is linked inexorably with the 
maintenance of the ecosystem of which we are a part.
The immediate situation that is apparent when trying 
to determine man's relationship to his ecosystem, is the 
lack of easily accessible data on which to formulate deci­
sions. . . it is important to note the deficiencies
in the data and projections related to problems of global 
concern. In the process of making judgements we found 
that critically needed data were fragmentary, contradictory, 
and in some cases completely unavailable. This was true
for all types of data - scientific, technical, economic,
13and social." This data has no central repository where, 
by simple investigation, one can determine the environ­
mental state of an arbitrary parcel of land.
The problem of environmental planning is a complex 
one that will require the talents of geologists, biolo­
gists, sociologists, and many other disciplines to solve, 
if any relative solution is possible. The best tool 
available today for correlating diverse pieces of data is 
the computer. Computers, when wedded to a multidiscipli­
nary approach to environmental use planning, can be used 
to establish a meaningful environmental state data base 
and provide use models for predicting the impact of 
environmental planning decisions.
13Report of the Study of Critical Environmental Prob­
lems, Man's Impact on the Global Environment (Cambridge: 
MIT Press, 1970), p. 6.
II. ENVIRONMENTAL INVESTIGATION
A. Formulating an Information System
The amount of information required to define the state 
of the environment to any appreciable extent is very large. 
An automated information data base, and a retrieval and 
analysis system, is required to adequately cope with large 
volumes of data. This system should be extensible, func­
tionally modular, and transportable for general applica­
bility.
In any study of the environment, it is quickly deter­
mined that a chaotic organizational situation exists. No 
single scientific discipline is recognized as being the 
custodian of environmental data. Environmental science is 
still in its infancy and has not yet been fully recognized 
as a true science. Prior to a categoric study of the 
environment, it is necessary to collect and organize data 
in a reasonable manner. Whatever organizational form is to 
be used, it must be capable of incorporating data that is 
not uniform in type. The system must be viable to change, 
to allow entry of the data without extensive modification, 
as more data inclusion becomes desirable.
In allowing system viability, functional modularity 
is an important factor. The information system must be 
able to grow from a well defined nucleus when required. A 
side benefit of functional modularity is easy modification.
19
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Transportability, a third major factor, in the design 
of an environmental information system, is required because 
of the diverse nature of computing machinery in existence. 
The data base and associated information system programs 
must be easily transported to different users and machines 
to be accepted to any great degree.
B. Elements of Information
One objective in building an environmental data base 
is to form a hierarchic data structure. A structure of 
this type allows detailed feature examination at lower 
levels while large land areas may be considered at higher 
levels without greatly increasing the size of the data 
base. Environmental data may be used in planning at 
different authoritative levels (local, regional, national). 
A well chosen unit of information is required to allow 
the necessary interface. The unit that has been chosen 
is a one hundred meter square unit of land. The name 
applied to this unit is a cell.
A cell of this size was chosen in the belief that 
at a local planning level, the information relating to 
one hundred meter square cells was sufficient for limited 
design purposes. Data based on one hundred meter square 
cells can be averaged for five hundred meter square cells 
in regional planning, and one kilometer square cells in 
national planning.
The standard geographic coordinate system used in 
this collection of information is the Universal Transverse 
Mercator (UTM) system. This system uses a Mercator geo-
21
metric projection map. The coordinate system imposed on 
the map is rectilinear, measured in meters from a number 
of geographic origins. The origin used for test purposes 
is located in UTM Zone 17. The zones are associated with 
geographic quadrangles.
A one hundred meter square cell is one hectare 
(approximately 2.47 acres) in extent. Each cell is iden­
tified according to its UTM coordinates. Cell coordinates 
indicated are equal to the UTM coordinate divided by one 
hundred. A typical example would be x=2736 and y=41508, 
corresponding to x=273600E and y=4150800N in Zone 17.
Environmental variables may be arbitrarily associated 
with a cell. Ideally, all environmental data would be 
placed into a general data base, which would then be used 
for design simulation and evaluation. Associating environ­
mental data with a cell is insufficient for any worthwhile 
modeling, because some method is necessary for associating 
data with capacity for use. This association is made via 
a suitability mapping. A suitability mapping relates the 
tolerance of land to particular uses. The data items 
associated with a cell act as a state variable in defining 
an environmental inventory.
1. Data sources and characteristics - The principal 
sources of information are governmental agencies. The 
primary agencies responsible for the collection and dis­
semination of environmental data are the U.S. Geological 
Survey, the national and state departments of agriculture,
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the U.S.D.A. Soil Conservation Service, and local planning 
authorities. This information consists of maps showing 
specific data, tables, and descriptive explanations of 
data.
Data presented on maps may be color coded, or repre­
sented by isoplethic markings. When data is represented 
by marking, symbolic or actual values are usually included. 
Values may be integral, decimal, alphabetic, or combina­
tions of all three. If data is color coded, numeric codes 
may be assigned for classification purposes.
Historically, map data has been the graphic represen­
tation of data secured by field scientists. The maps were 
prepared by manual graphic techniques. Data acquisition 
and representation techniques have been changing greatly 
since the Second World War. Military technology involving 
photogrammetry has reduced the manual labor required. 
Orbiting satellites and land and ocean based sensors telem­
eter data. The data is recorded and used as input to 
automated systems for map making. Another prime source 
for automated map making is the aerial photograph.
2. The natural environment - Because it is impossible 
to completely define the environment with all existing 
data, certain data items: have been selected as representa­
tive in the use design process. The items listed in 
Table I have been selected as important for a limited 
environmental data base.
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TABLE I
VARIABLES USED TO REPRESENT THE NATURAL ENVIRONMENT
Floodplains 
Historic Sites 
Scenic Areas 
Water Sources 
Wetlands 
Forest Cover 
Extractive Resources 
Soil
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(a) Floodplains
Floodplains provide a natural reservoir for 
temporarily storing excess water from streams and rivers. 
Floodplains are land that exist outside of a stream or 
river channel. During a flood, the water in the river 
channel flows swiftly transporting much of the water 
volume. The water that is not transported in the main 
channel covers the floodplain. The velocity of water on 
the floodplain decreases and the decreased flow rate 
allows a large portion of the rainfall to enter the ground 
water supply. Flood levels are measured by the greatest 
one hundred year average.
Floodplains are a common but unique resource. They 
are vital in reducing the cross sectional area of channels 
required to carry flood waters. Floodplains are considered 
to be an aesthetic environmental feature. Sedimentation 
in floodplains creates rich, productive soils.
Construction on a floodplain reduces its functional 
usefulness and may result in threats to man. Increased 
erosion and water runoff can result from poor land use 
techniques. Floodplains may be used with minimal harm 
for agriculture, forestry, and recreation. Uses that are 
intimately associated with floodplains are ports and 
marinas.
(b) Historic sites
Historic sites are obviously not a natural resource, 
but they have an important impact on man's social and
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psychic environments. A number of different kinds of 
sites and constructs may be considered as historic sites. 
Sites can be important because of special events, arch­
itectural style, or people associated with them.
Historic sites are unique and vital when social 
well-being is considered. Historic sites are not vital 
in a life survival sense. They may be destroyed by new 
construction or resource extraction. "The economic 
value attached to scenic and historic sites has been low 
and many have been lost. But the general economy can 
benefit from such resources : tourists flock to areas 
where scenery and cultural heritage are preserved."^
(c) Scenic areas
Scenic areas are not a natural resource in the sense 
that they may be modified or consumed for commercial use. 
Scenic areas have an important effect on man's social and 
psychic environments because of their aesthetically pleas­
ing qualities. They occur in a number of forms associated 
with geological or botanical attractions. Scenic areas 
are relatively unique. Although not vital in sustaining 
life, they are important factors in maintaining the quality 
of life. Development readily destroys this form of 
resource.
(d) Water sources
Surface water sources consist of lakes, ponds, rivers, 
streams and intermittent streams. They have important 
roles in the water, oxygen and nitrogen cycles by pro-
14Bucks County Planning Commission, Natural Resources 
Plan (Bucks County, Pennsylvania, 1972, Mimeographed), p. 41.
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viding a necessary interface to animal life. Surface 
water sources are largely created by the runoff from 
surrounding land.
Water sources are not uniques resources. They are 
often closely associated with floodplains. Extraction 
of mineral resources can create water sources by provid­
ing a collection basin for runoff. Water sources are 
an aesthetic resource with important recreational prop­
erties. Economic uses that are associated with water 
sources are fishing, transportation, and residential 
construction. Water sources can have an effect on 
localized climatic conditions by providing temperature 
stabilization. Erosion and pollution adversely affect 
aquatic life forms.
(e) Wetlands
Wetlands are marshes that exist in the vicinity of
surface water sources or on soils that are subject to
frequent flooding. "Wetlands are an unusual environment
at the interface of land and water, having characteristics
of both. They are important in the water cycle. In
addition, they are breeding and feeding areas for many
species. Although small in area, wetlands are among the
most productive ecosystems, with roles in the basic cycles
15far beyond proportion to their size." In the past, 
they have been considered undesirable land that acted as 
the breeding ground for mosquitos and other unwanted life 
forms.
"^Ibid. p. 19.
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Wetlands are an important economic resource because they 
act as the spawning grounds for many species of fish. 
Certain crops, such as cranberries may be grown in wet­
lands without diminishing their natural functioning.
Primary uses of wetlands by man in the past have 
usually been destructive. The value of the land was low, 
since extensive filling was required to produce habit­
ability. Filling destroys the ecological properties of 
wetlands. In addition, dredging, bulkheading, and use 
as local dumps destroy wetlands. The destruction of 
wetlands reduces the abundance of land and marine animals. 
Climatic effect severity is increased by wetland destruc­
tion, by reducing the ability of the land to act as a 
temperature reserve. Flood severity is increased because 
of the reduced ability of the land to act as a water 
reservoir. Destruction of wetlands increases tidal 
actions, which in turn increases erosion of the surrounding 
land. Backfire economic effects may occur when wetlands 
are destroyed. Economic benefits derived by filling an 
up river wetland may act to destroy a fishing industry 
hundreds of miles downstream. Wetlands have an extremely 
low tolerance to almost all external uses by man.
(f) Forest cover
Forests consist of trees that exist within a large 
land area. They have an important effect on the micro­
climate, and reduce the problems of flood and erosion. 
Forests have an integral role in recycling water, oxygen, 
and carbon. They act as the habitat for many species of 
animals.
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Forests are an important aesthetic resource that 
affect the social and psychic environments. They provide 
a prime recreational setting.
Most economic uses of forests are destructive.
Even when forest destruction is considered, forests pro­
vide an important economic resource that must be managed. 
They provide the material for lumber, paper, plastics, 
and many other products.
(g) Extractive resources
Extractive resources consist of a wide variety of 
earth materials of economic value. The materials are 
removed form the earth and transported to another loca­
tion. They are not critical for the maintenance of life, 
but are vitally important for the maintenance of a tech­
nological society. Since the resources exist below 
ground level, no aesthetic value is associated with them. 
Extraction of materials usually has had a degradative 
effect on the environment. Extraction of material can 
adversely affect other resources associated with the same 
are of land by destroying the surface of the land. Ex­
traction of resources can have an indirect aesthetic value 
in creating water sources in the form of lakes or ponds.
A careful study of the use of this resource is. 
required to balance the economic gain with the loss of 
other resource types.
(h) Soil
Soils exist on almost all land masses. Soil types 
are identified by physical and chemical qualitative and
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and quantitative properties. Surface soil, subsoil, and 
the substratum are considered.
Soils comprise the foundation of many ecosystems 
and are an integral part of many natural cycles. Soil is 
a critical resource to plant sustenance and is formed 
through complex geological and biological processes.
Soils are vital to man. Soils may or may not be aesthetic 
depending upon locations and extent. When soil is visible 
because of erosion it is generally not aesthetic.
The properties of the subsoil and the substratum are 
important factors in determining the stability of the 
land for supporting structures. Loading properties 
determine the type and cost of required foundations. In 
addition to load support, the earth under the surface 
soil determines its water holding and purification pro­
perties .
Careful consideration is required when removing 
vegetative cover from land for agricultural purposes, or 
severe degradative effects may occur. The degree of the 
degradative effect is dependent upon the type of soil, 
the erodability properties, water runoff, and land slope. 
Care must be exercised in the utilization of soil for 
agriculture and construction. Misuse can have a severe 
effect on the quality of life.
3. The man-made environment - The man-made environ­
ment is composed of man's modifications to the natural 
environment for a number of land uses. This environment 
is categorized by the purposes for which the natural
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environment has been modified. Table II indicates the 
categorization used in this work.
A categorization is important for two reasons.
First, it results in an indication of the current state 
of the environment. Second, it allows the formulation 
of criteria to be used when planning future conversions 
or alterations to the natural environment. Three main 
use categories may be defined: habitation, economic
use, and leisure time use.
Under habitation, the normal use would be residen­
tial. This is where one spends time when not employed and 
not in pursuit of leisure. Directly associated with 
the economics of employment are centers of commerce and 
industry. Further important economic usages of the 
natural environment can be listed as mining, agriculture, 
and forestry. The third major use of the environment 
not involved with home or work may be specified as recrea­
tion and open space. The linking mechanism between the 
facets of man's life is transportation.
To preserve a decent quality of life, the different 
factors composing the environments of man must be balanced. 
Increased economic and population pressures threaten weak 
elements of the natural environment. Elements may be weak 
in an economic sense, but be vital in a life survival and 
life quality sense. Prime candidates for elimination are 
recreation, agriculture, forestry, and open space. When 
compared with the immediacy of urbanization, the destruc­
tion candidates rank very low in the short term, economi-
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TABLE II
MAN'S USE OF THE NATURAL ENVIRONMENT
Recreation 
Residence 
Commerce 
Industry 
Mining 
Agriculture 
Forestry 
Urban 
Open Space 
Transportation
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cally. Urbanization represents a blending of residence, 
commerce, and industry.
C. Exploring the Environment 
The approach used in this work is one of exploring 
a technique for producing an automated information and 
evaluation system. An attempt has been made to provide 
background information. The remainder of this paper 
will work within this scope. First, a site is selected, 
then a data base is formed, and then use models are 
provided and evaluated. The investigation is completed 
with the evaluations of the models.
The primary tool used in this evaluation is the CDC 
STAR 100 Computer. This computer possesses properties 
that make it particularly well suited for problems of this 
nature. The STAR operates with a virtual memory system
having an address space of four trillion words. Unique 
vector instructions allow it to operate on many arguments 
with one instruction. In spite of the particularly well 
suited nature of this machine, no use is made of its 
special capabilities.
The special capabilities are ignored in an attempt 
to create a machine independent system. The desire is to 
build a system that can be transferred with minimal change 
from one type of computer system to another. A higher 
level language and standard data structures are used to 
create a system of this nature.
The language FORTRAN IV is used because of its wide 
spread use. The STAR computer has certain extensions to
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allow vector processing, but none are used because they 
are not part of standard FORTRAN IV. The data structure 
used is the basic linear array. No obscure or "tricky" 
coding techniques are used.
The system is designed to be functionally modular.
Each of the programs that compose the system can be rede­
signed without affecting the whole system in a detrimental 
manner. Each program is designed to avoid high overhead 
logic structures and is heavily documented internally 
to aid in later modification efforts.
The large number of data items involved in any but 
the most trivial of examples does not permit the use of 
certain sophisticated techniques of information handling.
In the original conception of the problem, interactive 
techniques were considered. The size of the data base 
chosen, the cost and time restraints placed on interactive 
processing, prohibited this form of attack. An additional 
desire was to use digital plotting to display the results 
of the inventory, suitability, and model selection. The 
large number of data items and the overhead of plotting 
programs make this kind of display extremely costly.
The system is designed to be submitted for processing 
as a number of independent batch tasks. This manner of 
processing has a benefit in reducing the possibility of loss 
of one very large execution through computer hardware fail­
ure. The graphic method of information display used is the 
line printer plot. This method of display has a low cost 
associated with it. Two methods of line printer plotting
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are supplied; one using single character per data item 
and the other using gray scale plotting for visual dif­
ferentiation of data value by location.
III. THE ENVIRONMENTAL STATE
A. Establishing a Study Area
In the initial stages of this project, prior to the 
development of the environmental information system, 
criteria were selected for a site from which realistic 
data could be derived. The following questions were 
considered in the selection of the site: Where should
the site be located? What current developmental patterns 
should exist? Is the political climate amenable to the 
concept of planning? Is the necessary environmental data 
available in a convenient form?
A Virginia site was immediately decided upon because 
it was felt that data from another area would be difficult 
to obtain. In further limiting the site area, several 
locations were considered, and all but one rejected because 
existing development was too advanced, unfavorable poli­
tical climates existed, or data in a convenient form was 
not available.
The site selected was Chesterfield County (see Figure 1 
for its location. At first, the entire county was con­
sidered, but the great quantity of data involved quickly 
became apparent. In the study of Chesterfield County over 
the variables listed in Table I, in excess of 200,000 data 
items are required. Some suitable boundary within the
35
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county was desired to limit the scope of the data gather­
ing and still yield a significantly variable range of 
environmental factors.
To limit the amount of data to a reasonable quantity, 
the northern third of the county was selected as a study 
area (Figure 2). The study area is bounded on the north 
by the James River, on the east by the City of Richmond, 
on the south by Falling Creek, route 653 and Swift Creek, 
and on the west by the Powhatan - Chesterfield County 
lines. These boundaries were chosen because they conform 
to defined census tracts.
Chesterfield County, the fastest growing county in the 
state of Virginia, is located in the Piedmont region. The 
area is characterized by a low, gently rolling terrain 
underlain by crystalline and sedimentary soils. The cur­
rent land utilization differs with the section of the 
county considered. The eastern portion is experiencing 
heavy residential development, while the western portion 
is relatively undeveloped except for light agricultural use.
B. Data Acquisition 
The natural and man-made environmental data used were 
gathered by natural scientists, primarily geologists and 
soil scientists, and released in the form of maps. The 
U.S. Geological Survey, and the Soil Conservation Service 
were primary suppliers of the data. Secondary data sources 
used were derivative maps compiled by the Chesterfield 
County planning department.
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Maps supplied by local and national authorities are 
different both in the coordinate systems and scales used. 
The differences in coordinate systems can be rectified by 
finding suitable reference points and converting the 
coordinates to the UTM system. The differences in scale 
must be accommodated in the transcription process.
Data used as input to the data base is obtained from 
maps by making a transparent mylar overlay subdivided in 
100 meter square cells, with the boundary area specified. 
This method of data transcription has certain inherent 
inaccuracies because of the reproduction qualities of the 
maps used. Inaccuracies of one centimeter maximum devia­
tion were observed. This deviation corresponds to an 
error factor of i 50 meters.
The inaccuracy does not negate the value of informa­
tion obtained because the information presented should be 
used only for overall pattern indication, not for specific 
site information. The selected cell size of a 100 meter 
square was based on the assumption that at some time in 
the future a national repository will be created to con­
tain environmental data. The repository would probably 
hold data averaged to 500 or 1000 meter square cells. The 
100 meter square cell is an integral subdivision of both 
cell sizes.
The data used as input to the data base was hand 
recorded using a transparent mylar overlay in a left to 
right then iterate down pattern. This corresponds to 
obtaining necessary data from west to east, then stepping
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south one cell and performing the west to east traverse 
again (Figure 3). This pattern is analogous to that 
used in reading literature written in English.
Much of the data involved has the same value for 
contiguous cells. A compression technique may be incor­
porated to reduce the transcription activity by specifying 
the coordinates along with the data item. When compression 
is used, a strip form is used in which a horizontal slice 
is taken. This allows the same y (north to south) abscissa
to be used with a variable span on the initial and terminal
x (west to east) ordinate value.
For each state item selected, a separate data record 
is prepared. This allows one data type to be completed at 
a time. Extraction of data items from many maps on a cell 
traverse can be avoided in this manner.
An allowance has been made for high density noncon­
tiguous data. Data of this type requires a large number 
of transcriptions to change it into a usable form. This 
is accomplished by allowing data of this nature to be 
transcribed on a 500 meter square basis. Automatic con­
versions are performed to reduce data collected at this 
cell size to the twenty-five 100 meter square cells.
The transcription of data using 500 meter square cells 
acts as a sieve, allowing items of low frequency to be lost 
in an averaging process. The most abundant data items 
will be represented. This loss of low frequency data will 
always occur when transcribing data from a grid coarser 
than the fineness with which phenomena exist. This means
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that data indicated are generally accurate over the given 
area, but not necessarily accurate for any specific site 
within the area.
C. Data Value Assignments 
Many of the data items used have no associated quan­
titative values. For information purposes, the interest 
is in the existence or nonexistence of an item in a cell.
For nonquantitative data, certain numeric values have been 
assigned. In some cases, several data options may exist 
under the same environmental variable type.
In general, data may have qualitative or quantitative 
value attributes assigned. The current, but easily changed, 
value ranges are -9999999.99 and 99999999.99. The data 
value -999.0 has been assigned to indicate a null data value.
An allowance has been made for the definition of non­
standard data types. Alphabetic data may be used if a 
numeric conversion on a one to one basis is possible. Sev­
eral data values may be associated with one transcription 
of map data on a special case basis. In the case of soil 
data, the soil type, soil slope class, and soil erosion 
are processed in one transcription.
The items from the natural environment and their value 
assignments or allowable value ranges are listed in Table
III. Values specified as N/A are not applicable. The two 
resource types specified Forest Cover and Extractive Re­
sources do not exist (or were not readily found to exist) 
as cataloged resources. The values associated with Soil 
were assigned by the Soil Conservation Service. The soil
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TABLE III
NATURAL ENVIRONMENTAL FACTORS AND 
THEIR VALUE ASSIGNMENTS
RECORD
NUMBER FACTOR VALUE(S)
001 Floodplains 1
002 Historic Sites 1
003 Scenic Areas 1
004 Water Sources
Lakes 1
Streams 2
Rivers 3
005 Wetlands 1
006 Forest Cover N/A
007 Extractive Resources N/A
008 Soil 1
Type 1 to 1137
Slope A thru F
Erosion Factor 0 thru 3
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types are assigned values based on tested physical prop­
erties. Table IV lists the criteria involved in soil 
slope and erosion assignments. A typical soils map is 
shown in Figure 4.
The man-made environmental factors and their value 
assignments are listed separately in Table V. Although 
only two types, Current Utilization and Transportation, 
are shown, space has been reserved for the inclusion, 
without data base change, for two additional types.
Slight data base modification would allow the definition 
of as many types as practical, based upon the computer 
configuration being used.
D. Building a Data Base 
In the generation of the data base, data in prede­
fined input records are assigned numbers based on the 
desired location in the data base structure. The prede­
fined record structures contain annotative and resource 
or utilization data.
1. Input record structure - The use of a structured 
input record allows data to be collected and transcribed 
for computer input without a cumbersome manual technique 
being required. Using the strip scanning method previously 
described, data is placed into the format specified in 
Table VI. Two data formats are indicated. The general 
format is used for single data entry and the special data 
format is used to process multiple data entry. The partic­
ular use of the special form is for soil data.
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TABLE IV
SOIL SLOPE AND EROSION DEFINITIONS
SOIL SLOPE ASSIGNMENT 
A 
B 
C 
D 
E 
F
VALUE 
0-2% Nearly Level
2-6% Gently Sloping
6-12% Sloping 
12-20% Moderately Steep 
20-35% Steep 
35+% Very Steep
EROSION CLASS 
1 
2 
3 
0
Slight
Moderate
Severe
Unclassified
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TABLE V
MAN MADE ENVIRONMENTAL FACTORS 
AND THEIR VALUE ASSIGNMENTS
RECORD
NUMBER FACTOR VALUE
001 Current Utilization
Recreation 1
Residence 2
Commerce 3
Industry 4
Mining 5
Agriculture 6
Forestry 7
Urban 8
Open Space 9
002 Transportation
Secondary Road 1
Primary Road 2
Railroad 3
48
CARD TYPE 
1
2
3
4
General
Special
5
6
TABLE VI 
INPUT RECORD STRUCTURE
•k
COLUMN(S) ENTRY FUNCTION
1-3 995 Title indicator flag
4-6 NNN Assigned record number
7-80 Title
1-3 996 End of title flag
4-6 NNN Assigned record number
1-3 997 Beginning of data flag
4-6 NNN Assigned record number
7-8 01 General format data flag
02 Special format data flag
1-3 NNN Assigned record number
4-9 YYYYY UTM Y coordinate
10-14 XXXXX UTM X coordinate start
15-19 XXXXX UTM X coordinate end
20-26 Data represented as a
27 real number
28-29
20-23 Soil type
24 Soil slope
25 Soil erodability
1-3 998 End of data record
1-3 999 End of all data records
*
All fields are right justified.
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The data card described forms part of the input 
record that is required for every resource and utiliza­
tion specified. The remaining portions of the input 
record are composed of appropriate titling and process­
ing control information. Processing control information 
is used to separate records from one another, separate 
titles from data within a record, and indicate the end of 
input data.
When using the input record, as many type 1 and type 
4 cards may be included as desired. The input record 
must be formatted exactly as specified because extensive 
format checking is performed to protect against setup 
mistakes. A sample input record is shown in Figure 5.
The input records, after preparation, are placed in 
ascending numerical order. The order of record arrange­
ment determines the location of the record's data in the 
state vector associated with a particular geographic loca­
tion. Card type 6 is placed at the end of the input 
deck to signal no further input follows.
2. Data base structure - The data structure used to 
contain resource and utilization data is the basic FORTRAN 
two dimensional array. This data structure is a form that 
easily accommodates a number of variables and an associated 
geographic location. The structure is easy to manipulate 
and is easily extensible.
An array is reserved that is sufficient in size to 
contain the data for a complete horizontal traverse of the 
geographic area selected. The actual storage required is
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FIGURE 5
SAMPLE INPUT
995002
RECORD
995002 HISTORIC SITES
995002 THE CELL VALUE 1 INDICATES A HISTORIC SITE IS PRESENT
996002
997002011
002415850268502685 1.00
002415670270002700 !« 'o O
002415600266502665
o!oJ1
002415530269102691 . o o
002415490267802678 1.00
002415480261002610 !
op-<
002415470260102601 1.00
002415400266802668 1.00
002415400267802678 1.00
002415400268202682 . o o
002415390260102601 « 0
 
° 1 1
002415390267502675 . o o
002415390268502685
oo.rH
002415370267102671
o
1
©.11
002415370268402684 1.00
002415370269302693 *-■» . o 0 1
002415370272202722 1.00
002415350266702667 1.00
002415350269402694 !h
«
!. © jO
002415350272102721 1.00
002415340265402654 1.00
002415340265702657 1.00
002415340267002670 1.00
002415340272702727 1.00
002415300265502655 1.00
002415300267802678
oo•
002415280266802668 1.00
002415280269102691
I11joO•iH
002415280273102731 1.00 |
002415270267202672 1.00
002415250260502605 . o 0
I
1 
. . ..... . -- -1
1
002415220273502735 M! • oi o j
002415220274802748 1.00 1
002415220276402764 1.00 I
002415190269602696 1.00
002415120274702747 1.00
002415100267402674 1.00
002414960270402704 ir 0
 
|o 1
002414920263502635 1.00
002414880279802798 1j
oo.!*">4ii
002414780273102731 o!0
1 
•!
!r^l
! 
!
002414760277602776 1.00 |
002414720262702627 1.00 ..... / ' " - ' ' ■
002414640266402664 1.00
002414500267002670 1.00
998
51
a function of the primary storage of the computer used, the 
traverse area, and the number of variables involved. In 
the case of the study performed, an array of 12 x 400 
locations was reserved.
In addition to the ease of management of the array 
structure, it may be used to reduce the amount of primary 
storage required. As each array for a traverse is com­
pleted, it may be written efficiently to secondary disk 
storage. The resulting file is a sequential file of 
arrays. Since each array is associated with a unique UTM 
Y coordinate, any item in the data base may be rapidly 
accessed by reading arrays and testing until the correct 
array is found. The correct cell is then found as a dis­
placement into the selected array.
The division of the environment into four categories: 
the natural environment, the man made environment, the 
social environment, and the psychic environment, is useful 
in reducing the primary storage required in constructing 
the data base. Each category may be written to a separate 
file. In the production of the test data base, two of the 
categories, the natural and the man made environment, were 
used. The remaining categories may be easily accommodated 
by the assignment of files and minor control logic modifi­
cations .
The use of the two dimensional array with appropriate 
geographic information allows the easy transformation into 
any structure desired. For interactive cell interrogations 
and updates, the structure can be transformed readily to
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an index sequential file using indices based on cell 
coordinates. The data base record structure is illustra­
ted in Table VII.
For a record, the Yi is constant and the Xj is 
allowed to vary between the geographic limits imposed.
The data values are assigned locations in the array under 
a given Yi Xj, corresponding to the order specified in 
the input record. A file is composed of a number of such 
records in which the Yi is allowed to vary over the geo­
graphic limits selected.
The structure chosen allows information about a cell 
to be accessed as a single dimensional array. Information 
for a traverse can be extracted by specifying the item 
desired and reassigning the variables to a single dimen­
sional array iteratively. The data for an item as a plane 
may be accessed as a number of traverse extractions for 
the desired boundary conditions.
A three dimensional data structure was an alternative 
considered, but rejected. With a three dimensional data 
structure, the logic inherent in the Y, X, and items case 
would be easier to handle. For a data base of the size 
selected for this study, in excess of 800,000 storage loca­
tions would be required. The reduction to a two dimension­
al array allows 4,800 storage locations to be used instead. 
The two dimensional case may be used without difficulty 
on most computer systems.
3. Data base generation - The generation of the data 
base is accomplished as a three step process. Each sue-
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TABLE VII 
DATA BASE RECORD STRUCTURE
Yi Yi Yi
Xj Xj+1 Xj + 2
Dlj Dlj+1 Dlj + 2 .
D2j D2j+1 D2j+2 .
D3j D3j+1 D3j + 2 .
• • •
• • • •
DMj DMj+1 DMj+2 .
Yi
Xn
Din
D2n
D3n
DMN
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cessive step utilizes files produced by the previous 
step. The multi-step method was chosen for several 
reasons. If forces a modularity on the generating pro­
grams by logical function. If computer hardware or 
operating system failures occur during data base gener­
ation, processing can continue from the beginning of the 
step in which failure occurred. Reduced overhead could 
be gained by avoiding program complexity.
The three programs involved in the generation of 
the data base are PREPAS, SORT, and EXSORT. Program 
PREPAS takes input records and writes them after editing 
to temporary files. Program SORT rearranges 500 meter 
square cell data on temporary files. Program EXSORT 
iterates through the temporary files performing a sort 
by Y then X, and producing a two dimensional record 
structure corresponding to a horizontal traverse of the 
geographic area selected. The flow of these programs is 
illustrated in Figure 5.
PREPAS
Program PREPAS accepts as input a data base creation 
selector, boundaries and the number of records to be con­
sidered, and the structured input records terminated by a 
type 6 record. The selector cards currently implemented 
are RESOURCE and UTILIZATION, which identify whether a 
natural environmental file or a man made environmental 
file will be produced. The boundary specifications con­
trol whether a subset of the data, an area extending 
beyond the data, or only the data area will be considered.
FIGURE 5
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Extensive error checking is performed to ensure that all 
input information is in an acceptable form.
The program, after the type and boundaries have been 
determined, processes the structured data input records. 
The titles are separated from the data and written to 
files reserved for later use in annotating output. The 
environmental data contained in each record is checked 
for boundary condition and padded or truncated, then 
written to a temporary file reserved for the data type.
Specially formatted data is processed in PREPAS. In 
the case of soil data, alphabetic to numeric conversions 
and 500 meter square cell to 100 meter square cell con­
versions are performed, then the data is written to tem­
porary files for further processing. The 500 to 100 
meter square cell conversions produce partially sorted 
data that must be further sorted to reflect the traverse 
pattern.
The program uses three subroutines, FILLY, PUT, and 
M51. FILLY is used to pad traverse lines with null data 
when necessary because of boundary requests greater in 
extent than the data supplied or to fill spaces between 
noncontiguous data items on the same traverse line. Sub­
routine PUT provides a common output area for writing 
temporary files. M51 performs the 500 to 100 meter square 
cell conversion.
SORT
The program SORT is executed after PREPAS if a 500 
to 100 meter square cell conversion occurred. The conver-
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sion produces 100 meter square cells that are ordered as 
a group of 25 cells. This ordering is not compatible 
with the ordering required for the data structure. The 
temporary files for soil type, soil slope, and soil ero­
sion factors are sorted by traverse line, using a modulus
function, then are written to a temporary file for fur-
-
ther processing.
EXSORT
The program EXSORT produces the file of structured 
data records that forms the data base. Iterative logic 
is used to step across the temporary files by traverse 
line. The data items that belong to a cell are placed 
in the cell array in the specified order with the cell 
UTM coordinates as the first element of the cell array.
After a traverse line is completed, it is written 
to secondary storage and the next line is started. After 
all lines have been completed, the structured data base 
is ready for use. If both data base files have been com­
pleted, four files will be retained. All temporary files 
may be released. The four files retained contain natural 
environmental data titling information, man made environ­
mental data titling information, the natural environment 
data base and the man made environment data base.
IV. ANALYZING THE ENVIRONMENT
After a data base has been established, various 
aspects of the environment and its properties may be con­
sidered. Two basic questions arise about the environ­
ment: What is the state of the environment? What changes
are permissible that minimize damage to the environment? 
The answer to both questions requires data beyond that 
provided by resource and utilization data alone. Some 
method is required for linking the information about the 
environment to potential uses of the environment. The 
method employed is the creation of a use suitabilities 
file.
A. Use Suitabilities 
Soil scientists have created qualitative tabulations 
of soil use properties for engineering, agriculture, and 
forestry uses. The qualitative definitions used are good, 
fair, poor, and unclassified or unsuited, with the respec­
tive value indicators 3, 2, 1, and 0. The properties for 
engineering and agriculture are listed in Table VIII.
The properties for forest data are quantitative because 
forestry suitabilities are based on the growth patterns 
of loblolly pine. Site indices between 0 and 70 are rated 
poor, between 70 and 80 fair, and greater than 80 good.
The site index is the estimated growth of loblolly pine 
in a fifty year period.
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TABLE VIII
ENGINEERING AND AGRICULTURAL SUITABILITIES
ENGINEERING AGRICULTURAL
Soil drainage Corn
Septic tank drainfields Soybeans
Homesites Bright tobacco
Basements Small grain
Foundations Alfalfa
Lawns and shrubs Hay
Cemeteries Pasture
Ponds and lagoons Vegetable crops
Sanitary landfills Turf
Roadways Nursery sites
Landscaping
Winter grading .
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The program SUIT is used to associate tabular suit­
abilities with geographic locations in the data base.
The three tables for engineering, agriculture, and forestry 
are combined into one table. The soil type, slope, and 
erosion factors for each cell contained in the resources 
data base are then used as a key to find the correct suit­
abilities for the soil properties. Soil slopes have six 
classifications, arid soil erosion factors have four clas­
sifications yielding a maximum of twenty-four categor­
izations for a single soil type. The suitability tables 
have been sorted by soil type, slope, and erosion factors 
numerically in ascending order.
A binary table search is performed to find the correct 
soil type. After the type is found, the first entry of the 
type is located by working back up the array. A scan is 
then performed on that soil type until the proper key is 
found. When the key is found, table values are transferred 
to a cell suitabilities array. Approximately 400 table 
entries exist. Using a binary search, a maximum of nine 
searches are required to find the proper soil type.
The first two elements of the array are the geogra­
phic location of the cell. The remaining elements of the 
cell array represent the 23 suitabilities tabulated. After 
the array information transfer has been accomplished, the 
array is written to secondary storage for future use. All 
cell arrays for every traverse line are treated in this 
manner. The information flow for program SUIT is illus­
trated in Figure 7.
FIGURE 6
SUITABILITY DETERMINATION FLOW
Forestr
Suitabiliti *s
Resource
SUIT
Data Base
' Use | 
Suitabiliti
\Data File
62
B. Projected Use Modeling 
It is necessary to establish hypothetical projec­
tions of man made modifications to the environment for 
determining the uses that may be made of the environment 
while minimizing the harm. The measure of harm is com­
puted as a cost function computed from the deviation 
from optimal use, the intrinsic modification cost, the 
environmental resource tolerance, and the loss of resource 
by use proposed. After such costs are calculated for one 
projected use, they may be calculated for alternative pro­
jected uses until the minimum cost is found that is con­
sistent with the growth pattern desired.
The program SELUS (selective utilization) is used for 
establishing projected use models and cost evaluations.
SELUS has two major phases. The first phase is the devel­
opment of a file containing qualitative cell suitability 
for proposed uses. The second phase computes the cost of 
specific modifications to the environment.
The determination of qualitative cell suitability for 
a proposed use is calculated from proposed uses (listed in 
Table IX), a suitability for use extraction matrix and a 
selection weight matrix used for establishing desired growth 
patterns. An example of a suitability for use extraction 
matrix is listed in Table X. The use correspondent extrac­
tion, weighting, and suitability for use arrays are multi­
plied on an element by element basis. The elements of the 
resulting array are then added. The process is performed 
for all cells and proposed uses. The maximum and minimum
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TABLE IX
PROPOSED USES OF THE ENVIRONMENT
Recreation
Residence
Commerce
industry
Mining
Agriculture
Forestry
Urban
Open Space
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TABLE X
SUITABILITY FOR USE EXTRACTION MATRIX
0
p p 0
o 0 p o
•r-T U 0 -p >i V 0
-P P o p H P cu
03 0 p -p Cn P -P w
0 TJ 0 w P O W P
P ■rl 6 P •H •H 0 0 p
O cn e d o p P XX 0
0 0 o p •H Cn o p On
« u H < [p p> o
Soil Drainage 1 1 1 1 1 1 1 1 0
Septic Tanks 0 1 1 1 0 0 0 1 0
Home Sites 0 1 0 0 0 0 0 0 0
Basement 0 1 1 0 0 0 0 1 0
Foundations 0 1 1 1 1 0 0 1 0
Lawns & Shrubs 1 1 1 1 0 0 0 0 1
Cemeteries 0 0 0 0 0 0 0 0 0
Ponds & Lagoons 1 0 0 0 1 0 0 0 0
Sanitary Landfills 0 1 1 1 1 0 1 1 0
Roadways 0 1 1 1 1 0 1 1 0
Landscaping 1 1 1 1 0 0 0 0 1
Winter Grading 0 1 0 0 1 0 0 0 0
Corn 0 0 0 0 0 1 0 0 0
Soybeans 0 0 0 0 0 1 0 0 0
Bright Tobacco 0 0 0 0 0 1 0 0 0
Small Grain 0 0 0 0 0 1 0 0 0
Alfalfa 0 0 0 0 0 1 0 0 0
Hay 0 0 0 0 0 1 0 0 0
Pasture 0 0 0 0 0 1 0 0 0
Vegetable Crops 0 0 0 0 0 1 0 0 0
Turf 0 0 0 0 0 1 0 0 0
Nursery Sites 0 0 0 0 0 1 0 0 - 0
Loblolly Pine 1 1 0 0 0 0 1 0 1
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TABLE XI
SELECTION WEIGHT MATRIX
CD
G U CD
o CD £ O
•H O CD -M td
+J £ O u r—1 U a
rti CD U -p tn £ -P CO
CD 03 CD to £ O to £
u •H g £ •H •H CD fd £
O CO g £ U U CD
CD CD O £ -H tr» O £ CU
(X o H g C D O
Soil Drainage
Septic Tanks
Homesites
Basements
Foundations
Lawn & Shrubs
Cemeteries
Ponds & Lagoons
Sanitary Landfills
Roadways
Landscaping
Winter Grading
Corn
Soybeans 
Bright Tobacco 
Small Grain 
Alfalfa 
Hay
Pasture
Vegetable Crops 
Turf
Nursery Sites 
Loblolly Pine
3 9 8 8 5 6 4 7 0
0 6 5 5 0 0 0 3 0
0 7 0 0 0 0 0 0 0
0 4 4 0 0 0 0 4 0
0 9 9 9 9 0 0 9 0
5 5 4 4 0 0 0 0 6
0 0 0 0 0 0 0 0 0
2 0 0 0 3 0 0 0 0
0 0 0 0 0 0 0 0 0
0 5 9 7 7 0 4 8 0
2 5 4 4 0 0 0 0 8
0 1 0 6 7 0 0 0 0
0 0 0 0 0 8 0 0 0
0 0 0 0 0 8 0 0 0
0 0 0 0 0 1 0 0 0
0 0 0 0 0 8 0 0 0
0 0 0 0 0 5 0 0 0
0 0 0 0 0 5 0 0 0
0 0 0 0 0 5 0 0 0
0 0 0 0 0 6 0 0 0
0 0 0 0 0 3 0 0 0
0 0 0, 0 0 4 0 0 0
5 5 0 0 0 0 9 0 4 .
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values are calculated and three ranges are established.
A second pass rates each use for a cell by the range inter­
val chosen. The intervals are assigned the values 1, 2, 
and 3, corresponding to poor, fair, and good, for the 
arbitrary use. The cost of a particular use of a cell is 
calculated as an additive function. The deviation of the 
projected use of a cell from the optimum calculated for 
that cell's use is weighted by a cost. Currently unused 
land is given a positive cost. Transportation require­
ments are calculated and afforded a cost. A cost is 
calculated based upon the change in use (see Table XII 
for an example of a use conversion cost matrix). The 
tolerance of the environment to the projected use is cal­
culated as a cost based on degradative potentialities.
The costs of each calculation are successively added.
The resulting sum is then considered as the environment 
modification cost.
The maximum and the minimum costs are determined 
throughout the cost calculations. After costs have been 
calculated for all cells, the maximum and the minimum 
values are used to determine nine cost ranges. A second 
pass is performed to associate the calculated cost with 
an integer value in the range of 1 to 9.
At the conclusion of program SELUS, it is possible 
to observe visually the costs associated with projected 
utilization decisions. Matrices and weighting costs 
used have been selected without statistical basis. The 
actual cost functions and matrices used in decision making
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would require the involvement of planners and policy 
makers. The cost function chosen is a relatively arbi­
trary one that is only intended to show feasibility of 
this method. The information flow for SELUS is indi­
cated in Figure 8.
C. Information Display
F r o m  suitability files, or the selective utilization 
and projected cost information, graphic representations 
or listings may be produced at any time after the prepar­
ation of the data base. The information display is pro­
vided by two programs, PLOT and LISTER. Program PLOT 
is used to select an information source, extract desired 
information and produce line printer plots. Program 
LISTER is used to select and provide a listing of an 
information source.
Program PLOT reads a card from the input file that 
specifies the information source to be used and the infor­
mation to be extracted. The correct information is ex­
tracted and written to a temporary file. PLOT then calls 
subroutine GRAPH to produce the actual line printer plot. 
An option is provided to produce gray scale plots. Gray 
scale plots are generated by character over-strikes using 
line printer carriage suppression control. The plots pro­
duced on line printers have different scales according 
to axis. The typical line printer produces six characters 
per inch vertically, and eight characters per inch hori­
zontally.
69
FIGURE 8 
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The plots are annotated using information on files 
reserved for titling. Parameters are provided for control 
of plot size. A subset of the data base may be extracted 
by specification of boundary conditions. The flow of 
information for program PLOT is illustrated in Figure 9.
Program LISTER reads a card from the input file that 
selects the information source to be listed in a tabular 
form. The listings are annotated with the appropriate 
information extracted from the files reserved for titling 
information. Proper output formats are selected based on 
the information source selected.
FIGURE 8
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V. EVALUATING THE SYSTEM
The information system presented is a nucleus for 
further environmental investigations. Examples of the 
usefulness of the system have been created by drawing 
from information supplied by environmental planners, 
various governmental agencies, and computer technology.
The system and the examples presented are not to be 
construed as representing a complete or in depth inves­
tigation. An analysis of the composition and interrela­
tions of the environment is automatically limited by the 
inherent complexity of the environmental system.
The handling of the environmental system is a func­
tion of the current store of information available. The 
extent of the system naturally increases as more infor­
mation is gathered. What constitutes the environment is 
a perceptual problem that is only compounded by increased 
knowledge. New relationships discovered about the environ­
ment are dependent on past categorizations.
Categorizations of facets of the environment represent 
at best a statistical sampling. The act of categorizing 
information about the environment is an attempt to convey 
that information in a rational manner. Historically, the 
agent chosen to act as the transfer method is the graphic 
display which coordinates geographic location with the
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information to be presented. Information portrayed on 
any one display is necessarily limited to relatively 
few factors.
A graphic display (map), even when few factors are 
involved, can present too much information to be of immed­
iate use. When this is the case, derivative maps may be 
produced to display specifically selected information.
The method for the production of both composite and deriv­
ative maps usually involves tedious and laborious draft­
ing techniques.
Planning modifications to the natural environment 
requires careful assessment of the existing state. This 
is usually accomplished by determining the tolerances for 
a number of uses, then determining the tolerance for a 
proposed use. A great number of factors are involved in 
this analysis. Transparent graphic overlays must be pro­
duced to insure that important environmental features are 
not destroyed by placing emphasis on suitability alone 
for comprehensive planning. The use of overlays for anal­
yzing multiple variables simultaneously is a helpful, but 
restrictive technique. The technique is restrictive in 
two ways: First, the number of variables used for analysis
is limited by the medium employed. Second, a great deal 
of personal judgement of the relative values of a large 
number of variables is required on the part of the planner.
A. Process Automation 
A number of environmental use analysis techniques 
have been written about by planners. Some of the tech-
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niques use computer based information, others use manual
techniques. Most of the literature deals with a specific
phase of the planning process. McHarg (in Design with
Nature) is unique in proposing a comprehensive systematic
approach to the environmental planning problem. The
approach he uses, though elegant, utilizes manual meth- 
16ods. The development of a comprehensive environmental 
plan is necessarily slow.
Planners who have used automated methods have not, 
in general, attempted to apply the computer techniques to 
the decision making process. Computer based information 
is used, primarily to produce resource and utilization 
inventories rapidly, by-passing the manual preparation or 
extraction of map data. Kiefer and Robbins proceed beyond 
the simple inventory of environmental data and utilize 
computer methods in establishing inventories of land use
suitabilities, then apply weighting values to determine
. 17optimal areas for residential development.
This environmental information system uses standard 
methods for the construction of resource, utilization, and 
suitability inventories. Particular attention has been 
applied throughout program development to machine indepen­
dence, both for the programs themselves as well as the 
data base information produced. The system goes beyond
16Ian L. McHarg, Design with Nature (Garden City,
New York: Doubleday, 1971), p. 115.
17Ralph W. Kiefer and Michael L. Robbins, "Computer- 
Based Land Use Suitability Maps," Journal of the Surveying 
and Mapping Division, September, 197 3, p. 40.
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those previously described in allowing prospective models 
of use to be built, then examined as to cost of environ­
mental impact. The cost function is necessarily crude at 
this point, but is superior to the overlay method or the 
consideration of coexistent factors by masking and extrac­
tion. Both of the multivariable methods require visual 
analysis that may be interpreted differently according to 
the goals of different planners. Consistent rules will 
govern the planning process by establishing the cost 
function applied. Extremely high costs would tend to 
indicate inappropriate planning.
The cost function is selected by planners. Normally, 
extremely high values would be associated with critical 
natural or cultural features. The use of a cost function 
can be established for high growth or restricted growth 
as desired. The real importance is in the establishment 
of a consistent rule protecting important environmental 
resources and prohibiting, by cost, unsuited uses.
B. Extensibility 
In designing the system, an attempt was made to allow 
the system to grow in as many ways as possible. The simple 
data base structure used may be expanded as desired or con­
verted to more complex structures without major program 
redesign. If redesign of a particular program is necessary, 
or a new program is supplied, the only important criteria 
is that input and output linkage conventions be followed.
An area not considered, but readily implemented, is 
the use of the data base for spatially relevant information,
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such as the distance from major residential to major 
shopping areas. Several search methods may be imple­
mented. The easiest method to apply involves radial or 
polygon searches. Closest proximity and boundary depen­
dent item locations could be determined.
Although a utility is provided for individual cell
updates, some work in this area could be profitable.
*
The addition of a new resource type, after the data base 
has been generated, currently requires a complete regen­
eration of the data base. This regeneration is not 
necessary. New information could be generated into a 
separate data base structure and then merged with the 
master data base.
The information system was designed to execute in a 
batch environment. The input and output areas of the pro­
grams are localized. Interactive interfaces could be 
established by replacing the sequential file structures 
with indexed sequential files or direct access files and 
restricting the informational content.
The only informational output of the system is in the 
form of plots and listings. A statistics program may be 
established to provide frequency and survey information. 
This information could then be displayed in the form of 
tables or histograms.
Another computational item is possible in the form of 
area base transformations. The data used was collected at 
the 100 and 500 meter square cell grid fineness level.
Data averaging to any larger cell base may be performed.
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If it is desired, data can be collected at smaller cell 
sizes and averaged to larger cell sizes.
A very sophisticated system will result if the 
majority of the additions are incorporated. Because of 
functionally modular design and simple data flows, elab­
oration of the system nucleus may be readily accomplished.
C. Limitations 
Computer resource requirements vary greatly with the 
size of the data base used. Doubling the dimensions of 
the geographic area results in a four fold increase in the 
number of cells considered in.the data base. Since five 
distinct execution steps are involved between the gener­
ation of the data base through the graphic display of 
cost analysis information, a minimum of a twenty fold 
increase in the number of cells processed is required. 
Substantially greater factors are involved depending upon 
the graphic display options selected.
Computer costs are usually directly related to the 
amount of resources used. It was recognized while the 
system was being designed that large amounts of secondary 
storage would be used and computational costs would be 
relatively low. The cost growth pattern observed greatly 
exceeded expectations as larger geographic areas were used 
for testing purposes. This is, in part, due to the over­
head required in staging information from secondary storage 
to primary storage. The preponderant cost, though, is 
from the number of computations performed on the variables. 
A doubling of the geographic size also increases the com­
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putational requirement by a factor of four at each execu­
tion step. The overall number of computations exhibits 
the same minimum twenty fold increase in number exhibited 
by the number of cells being considered. Current computer 
computational speeds and costs severely restrict the geo­
graphic area size being considered at any given time.
Another limitation of the system is the amount of 
secondary storage required. The data area used requires 
approximately four million secondary storage locations.
The number of locations could be considerably greater for 
large data bases. The secondary storage requirement may 
be substantially reduced by replacing the vectors used by 
sparse vectors. This is not necessarily a beneficial 
change. The computation required to use the vector ele­
ments may greatly increase the cost of the system. It 
would appear at first that the use of sparse vectors would 
be advantageous as the number of elements in a vector 
increases. This is not true, because of the great differ­
ence in cost of the computational versus the secondary 
storage resource.
The system is also weak in the manner in which data 
is originally collected and transcribed. The data'collec­
ted for this study required approximately six thousand 
input cards to produce the data base. The work involved 
in the production of this data has a great possibility of 
error because of visual and manual mistakes. Another 
source of error involves the inaccurate methods used in 
the reproduction of maps. Techniques exist for reducing
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the manual labor involved. These techniques make use of 
the differences in photographic density of map data. A 
mechanical scan of the map is performed while the digital 
coordinates and photographic density is recorded on a 
medium such as magnetic tape. A sweep pattern is used 
that is similar to the horizontal traverse used in the 
preparation of data base input. An editing pass is usu­
ally required to make this data usable. The basic prob­
lem with this method is that the mechanical transcription 
equipment is not readily available.
The last area to be considered as a weakness is the 
graphic display method used. Line printer plots are not 
accurate or aesthetic. The strength of the printer plot 
lies in its economy. Mechanical plotting methods would 
add greatly to the computer costs. The nature of cell 
data is not readily amenable to mechanical plotting be­
cause of the large number of characters used. The use of 
characters requires the computated translation of stored 
matrices into digital information. The production of 
mechanical plots using large numbers of characters is 
extremely slow.
VI. THE INFORMATION SYSTEM
The portion of the earth in which life is possible is 
relatively small in extent. Extremely complex interactions 
occur between the elements comprising it's life support- 
ing systems. A balance has developed between the elements 
that is non-degradative to the life supporting ability of 
the environment.
The advent of technological man as an agent of change 
has created a situation that is unique in the history of 
life on this planet. The natural environment is being 
modified on a large scale to provide living space for man. 
The need for more living space is largely the result of 
rapid population growth. Until recent years, little con­
cern has been expressed over the implications of this 
growth on the quality of life, or on the continued ability 
of the environment to support man.
The concern for the environment has resulted in the 
creation of organizations that attempt to control the un­
planned intrusion of man into his environment. The attempt 
to plan environmental usage creates an immediate conflict 
between the individual and the governmental system. An 
almost paranoid fear of the individual being controlled by 
external societal agents exists. The existence of the 
individual in a societal matrix implies the necessity of
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certain control functions by the society.
Adequate planning for environmental usage is depen­
dent on information. At the present time, little unified 
information is available to aid in the planning effort.
This work concentrates on the feasibility of using the com­
puter as a tool in this effort. In dealing with environ­
mental information, it is convenient to divide man’s en­
vironment into four categories: the natural environment,
the man made environment, the social environment, and the 
psychic environment. The principle categories used in 
this work are the natural and man made environment.
In designing the environmental information system, 
functional modularity, extensibility, and transportability 
were prime considerations. The system has been designed 
not as a complete system in itself, but as a nucleus for 
future elaboration. No work of this nature can encompass 
the scope of the problem involved in environmental planning.
A site was selected to provide data for building a 
data base. The site selected was in Chesterfield County, 
Virginia. The extent of the area under consideration is 
roughly the northern third of the county. The site, loca­
ted in the Piedmont Region offers a number of interesting 
geologic features. Gently rolling hills are the dominant 
topographic feature. Chesterfield County has the greatest 
population growth rate in the state.
A. Establishing Inventories 
Data collection of environmental phenomena and the 
dissemination of collected information is the major purpose
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of a number of agencies, both local and national. The 
phenomena are usually collected as a sampling of the state 
of the environment with respect to certain element class­
ifications. Dissemination of this kind of information is 
usually in the form of maps. The maps do not represent 
a true picture of reality. Instead, they represent a 
graphic display of interpolations based on the fineness 
of the sampling conducted.
Environmental use planning requires the ability to 
determine the state of the environment with regard to a 
number of variables in a rapid manner. A method has been 
devised to transcribe data from maps in cell units and 
produce a unified computerized data base to provide this 
ability. The data base may then be queried for the 
state of a natural resource or man made modification of 
the environment.
A number of qualitative rules come into play when 
proper use of the environment by man is being considered. 
These rules are applied to environmental resources and 
result in the production of use suitabilities. The rules 
that govern the use of environmental resources have been 
developed experientially by geologists, soil scientists, 
and agricultural scientists. The rules are applied to 
every cell represented in the data base. The data base 
resulting may then be queried with respect to any of the 
suitabilities associated with the area under consideration.
The boundary limits and the item are selected to 
query a data base for specific information. The resulting
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information is then supplied as a tabular listing or a 
line printer plot. The plot is a computer produced map 
that allows rapid visual analysis.
B. Analytical Properties
The design of environmental use is not simply an 
exercise in optimization using the tools of linear alge­
bra. Design requires input from human sources for deter­
mining tolerable limits of environmental impact and for 
establishing controlled growth patterns. Another impor­
tant design consideration involved is the maintenance of 
a good quality of life. The factors involved are largely 
aesthetic in nature.
An automated method has been devised in which pro­
jected uses are established and analyzed. The method used 
involves the calculation of a cost for use as a function 
of environmental suitability for use, desired growth, the 
tolerance of the environment for the intended use, and 
the required state change. The function used was arbi­
trarily selected. One of the major functions of designers 
using this method would be the formulation of a realistic 
cost function.
The determination of overlapping environmental phenomena 
for use in the design process is not an acceptable ana­
lytical tool by itself. Environmental phenomena have 
different values associated with them. Treating a number 
of phenomena simultaneously requires a cost weighting 
function so that particular attention will be directed 
at state changes that are determined to be costly. It is
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hoped that the iterative use of projected use models and 
cost calculations will yield designs that will minimize 
harmful environmental effects.
Cost information is made available in the form of 
line printer plots. The plots are created using gray 
scale techniques. In gray scale plotting, differing values 
are associated with characters of different optical den­
sities. This method of display allows rapid visual assess­
ment of the cost of projected utilization.
C. Effectiveness 
The system, as implemented, meets the design criteria. 
It is functionally modular, extensible in many respects, 
and is capable of being used on most computer systems. The 
system provides an adequate nucleus for sophisticated 
environmental investigations.
The major problems discovered involved the availabil­
ity of data, manual data transcription techniques, and the 
great computer resource requirement used for inventory and 
analysis purposes. Extractive and forest resource data 
were not readily available. The maps used in some cases 
contained appreciable tolerance errors. The manual trans­
cription techniques used are laborious and subject to 
error. The greatest limitation to this method is the 
great computer resource requirement. In building and 
analyzing a data base of any appreciable size, the number 
of data passes possible are limited, in terms of cost, by 
the size of the data base and the number of variables being 
considered.
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The advantages of the system lie in it's ability to 
create inventories in a rapid manner and allow multiple 
variables to be considered simultaneously. The graphic 
display portion of the system allows quick visual analy­
sis. The system provides a method of systematic environ­
mental planning.
The use of the system at the present time is probably 
best suited to small site analysis. Computer costs are 
constantly decreasing as technology improves. Devices are 
already in existence that automatically perform the trans­
cription of data either from data acquisition devices or 
from existent maps. The universal application of environ­
mental information systems should be practical in the near 
future.
APPENDIX A
UTILITIES
In developing the system and considering the trans­
portability requirement, four utilities were prepared.
The utility VERIFY is used to check the data base input 
records for accuracy. Coordinate order and range, record 
order, and data variable ranges are among the verifications 
performed. The use of VERIFY allows each input record to 
be tested to eliminate errors in the formation of the 
data base.
The utility CHANGE was written to provide a method 
of changing record ordinal numbers. The ordinal chosen 
determines the array position of resource or utilization 
data in the data base. If the number of variables being 
considered is increased, the order in which variables 
occur may aid in iterative data handling.
Two utilities have been prepared for the intersite 
transportability of data base information. The data base, 
when prepared, exists as a sequential binary file. It 
may be written to magnetic tape for long term storage by 
copying in binary mode from disk. The binary input and 
output mode used is far more efficient than formatted in­
put and output. The formatted mode is valuable in the 
intersite transportability of data. Different computers
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frequently have different binary forms when floating point 
information is converted to an internally usable form. 
Certain conventions govern the form of magnetic tapes. 
Formatted magnetic tapes from one installation can usually 
be translated for use at another with a minimum of effort. 
The program BIFMT is used to provide the transformation of 
binary files to coded formatted files. The magnetic tape 
may then be transported. The conversion from coded for­
matted information to binary can be accomplished by use 
of the program FMTBI after arrival at an installation 
using a different kind of computer.
APPENDIX B
SYSTEM FLOW
The diagrams on the following pages indicate the 
overall flow of the Automated Environmental Information 
and Design Analysis System.
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APPENDIX C
PROGRAM INPUT RECORD FORMATS
The programs required input record formats. The 
stand alone nature of each stage of execution was de­
signed to allow flexibility and to provide a degree of 
recoverability in case of hardware failure. The input 
records contain input data and control information.
In the following section, codes are used to indi­
cate entry types, field justifications, and repeatable
The entries and their meanings are:
N No required justification
L Left justified
R Right justified
I Integer
A Alphabetic
0 Alpha-numeric
M More than one allowed in data record
F Floating Point
Programs requiring card input: 
PREPAS 
EXSORT
Programs not requiring input: 
SORT
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SUIT INPUT ORDER
GROUP TYPE FUNCTION
1 Establish boundaries
2 Input verification test
3A Order suitability titles
3B Group 2 terminator
4A Engineering suitabilities
4B Group 3 terminator
5A Agricultural suitabilities
5B Group 4 terminator
6A Forestry suitabilities
6B Group terminator
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SELUS INPUT ORDER
GROUP TYPE FUNCTION
1 Establish boundaries
2A Specify utilization titles
2B Group 2 terminator
3A Conversion cost matrix title
3B Conversion cost matrix
4A Suitability selection
matrix title
4B Suitability selection matrix
5A Use tolerance matrix title
5B Use tolerance matrix
6A Qualitative cost title
6B Qualitative cost
7A Use suitability weighting
matrix title
7B Use suitability weighting
matrix
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APPENDIX D
GRAPHIC RESULTS
The execution of program PLOT results in the creation 
of line printer plots. Control input cards are used to 
determine which of the four possible options and option- 
items are to be plotted. The four category options permis­
sible are: resource, suitability, uses, and utilization.
The values used in plotting different category types are 
not the same. A legend is provided for each case.
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NATURAL RESOURCES INVENTORIES 
The following five pages show representations of the 
existing locations of natural resources used in the study. 
The list shown indicates the resource types and value keys 
associated.
RESOURCE TYPE VALUES
Floodplains 1
Historic Sites 1
Scenic Areas 1
Water Sources
Lakes 1
Streams 2
Rivers 3
Wetlands 1
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SUITABILITY FOR USE INVENTORIES 
The following ten pages show representations of selec­
ted suitabilities for use. The values used to indicate the 
grade of suitability are:
GOOD 3
FAIR 2
POOR 1
UNSUITED/UNCLASSIFIED 0
The suitabilities chosen for inclusion in this section
are listed below:
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SUITABILITIES FOR SELECTED USE INVENTORIES 
The following eight pages show representations of cal­
culated suitabilities for use. For each of the listed uses, 
the suitability for use array is multiplied element by ele­
ment by the appropriate use selection array. The resulting 
arrays are then multiplied by the appropriate selection 
weighting array. The elements of each resulting array are 
summed, and the maximum and minimum are found. Three inter­
vals are then calculated corresponding to poor, fair, and 
good suitabilities for use in the intended manner. The 
uses for which suitabilities are determined are:
Recreation
Residence
Commerce
Industry
Mining
Agriculture
Forestry
Urban
The values indicated are:
POOR 1
FAIR 2
GOOD 3
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CURRENT AND PROJECTED UTILIZATIONS 
The following four pages indicate current and hypo­
thetical uses of land. The list shown indicates the util­
ization types and value keys associated:
UTILIZATION TYPE VALUES
Recreation 1
Residence 2
Commerce 3
Industry 4
Mining 5
Agriculture 6
Forestry 7
Urban 8
Open Space 9
Transportation
Secondary Road 1
Primary Road 2
Railroad 3
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PROJECTED UTILIZATION CALCULATED COSTS 
The following two pages indicate the estimated cost of 
changing the use of the environment. A cost function was 
developed, the cost of change of use was calculated and an 
interval position of relative cost was determined. The 
interval position ranges from one to nine in value. The 
values are associated with unique character overstrike 
patterns to produce gray scale plots. The gray scale plots 
provide a fast visual assessment of areas of large and 
small estimated costs.
For gray scale plotting, the values and associated 
overstrike characters are:
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APPENDIX E
PROJECTED USE COST DETERMINATION
The determination of relative costs of hypothetical 
land uses is dependent upon computed relations between land 
tolerance, use suitability, current use, projected use, and 
construction costs. One factor considered in the study was 
the relative ranking for each of the uses selected (Table 9) 
for the land area examined. The relative ranking was calcu­
lated by finding for all cells the maximum and minimum values 
for selected land use suitabilities multiplied by importance 
weighting factors. The maximum and minimum values were then 
used to determine three intervals denoting good, fair, or 
poor suitability for use in the intended manner. After the 
intervals were determined, the specific suitability for each 
cell for the intended use was determined.
The first cost related component of the total projected 
use cost is the deviation of the current use from the calcu­
lated use suitability. Costs of 1500, 3000, and 4500 are 
related respectively to good, fair, or poor uses based on cal­
culated suitabilities. This component progressively charges 
improper land use.
The second cost component calculated relates transpor­
tation costs with projected use. A cost of 1000 is applied
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to the uses that require special accessibility. A 0 cost 
is associated with uses requiring minimal transportation.
The third cost component is determined from a matrix 
that relates use conversion costs. Each of the nine uses 
specified may be interchanged if sufficient capital is 
applied. The entries in the matrix assume that some cost 
is associated with current use, razing and site preparation, 
and that construction costs will exist. This cost component 
is determined by the interchange cost based on current and 
projected use.
The fourth component is calculated as a resource tol­
erance factor. The amount calculated is 1000, 3000, or 5000 
respectively for good, fair or poor tolerance to the pro­
jected use. This component progressively charges improper 
land use.
The fifth cost component is the deviation of projected 
use from the calculated use suitability. Costs of 1500, 3000, 
and 4500 are related respectively to good, fair, or poor 
uses based on calculated suitabilities. This component pro­
gressively charges improper land use.
The sixth component calculated charges for the destruc­
tion of unique, vital or aesthetic resources. Progressive 
charges are applied to generally destructive uses such as 
mining. Two selective matrices are used to determine this 
component.
The maximum and minimum projected costs are determined 
while the total projected cost for each cell is calculated. 
After all cell calculations are complete, nine interval ranges 
are determined and the relative cost of each cell is found.
APPENDIX F
JOB EXECUTION CONTROL CARDS
The Automated Environmental Information and Design 
Analysis System was tested on the Control Data STAR-100 
computer. The operating system used on this computer is 
file oriented and processes job tasks in a specified 
sequential manner. A job, entering the system, is a file 
composed of one or more records. The first record of the 
file is the control card record that specifies the tasks 
to be performed.
The Information and Design Analysis System is div­
ided into four independent execution segments. The seg­
ments and their execution control cards are indicated in 
this Appendix. After each segment, the task processing is 
explained.
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ENVIRONMENTAL DATA BASE GENERATION 
FORTRAN.
LOAD(BINARY,CN=PAS,#200)
FORTRAN.
LOAD(BINARY,CN=SOR,# 2 0 0J 
FORTRAN.
LOAD(BINARY,CN=EXS,#200)
CREATE(H ,5 0 0, T=P)
CREATE(I,500,T=P)
CREATE(J,500,T=P)
CREATE(U,5 00,T=P)
CREATE(R ,5 0 0,T=P)
PAS.
SOR.
EXS .
PAS.
EXS.
PREPAS SOURCE
SORT SOURCE
EXSORT SOURCE
RESOURCE DATA RECORDS
UTILIZATION DATA RECORDS
CONTROL CARD EXPLANATION
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1) Compiles the PREPAS source on line 18.
2) Produces an executable PREPAS file named PAS.
3) Compiles the SORT source on line 20.
4) Produces an executable SORT file named SOR.
5) Compiles the EXSORT source on line 22.
6} Produces an executable EXSORT file named EXS.
7) Creates an empty data file -H- for soil type data.
8) Creates an empty data file -I- for soil slope data.
9) Creates an empty data file -J- for soil erosion data.
10) Creates an empty data file -U- for the Utilization data base
11) Creates an empty data file -R- for the Resource data base.
12) Executes PREPAS for Resource data.
13) Executes SORT for Resource data.
14) Executes EXSORT for Resource data.
15) Executes PREPAS for Utilization data.
16) Executes EXSORT for Utilization data.
17) End of Control Card record.
18) Position of the PREPAS source program.
19) End of PREPAS record.
20) Position of the SORT source program.
21) End of SORT record.
22) Position of the EXSORT source program.
23) End of EXSORT record.
24) Position of Resource data records.
25) End of Resource data record.
26) Position of Utilization data records.
27) End of file.
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SUITABILITY FILE GENERATION
1) FORTRAN.
2) LOAD(BINARY,CN=S UIT,# 4 0 0)
3) CREATE(SU,4 000,T=P)
4) SUIT.
5) 789
6) SUITABILITY SOURCE
7) ?89
8) ENGINEERING, AGRICULTURAL, AND FORESTRY 
SUITABILITIES BASED ON SOIL DATA
CONTROL CARD EXPLANATION
1) Compiles the SUITABILITY source on line 6.
2) Produces an executable SUITABILITY file named SUIT.
3) Creates an empty data file -SU- for suitability data.
4) Executes SUITABILITY for Engineering, Agricultural, and 
Forestry data.
5) End of Control Card record.
6) Position of the SUITABILITY source program.
7) End of SUITABILITY record.
8) Position of Engineering, Agricultural, and Forestry 
data record.
9) End of file.
SELECTIVE UTILIZATION FILE GENERATION
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1) FORTRAN.
2) LOAD(BINARY,CN=SELUS,#400)
3) CREATE(TEMP,5000,T=P)
4) CREATE(C,5000,T=P)
5) CREATE(USEL,5000,T=P)
6) SELUS.
7) ?89
8) SELECTIVE UTILIZATION SOURCE
9) ?89
10) CONVERSION COST AND WEIGHTING MATRICES
H )  67p
9
CONTROL CARD EXPLANATION
1) Compiles the SELECTIVE UTILIZATION source on line 8.
2) Produces an executable SELECTIVE UTILIZATION file named 
SELUS.
3) Creates an empty data file -TEMP- for temporary data storage.
4) Creates an empty data file -C- for weighted suitability data.
5) Creates an empty data file -USEL- for selective utiliza­
tion data.
6) Executes SELECTIVE UTILIZATION for projected utilizations 
data.
7) End of Control Card record.
8) Position of SELECTIVE UTILIZATION source program.
9) End of SELECTIVE UTILIZATION record.
10) Position of Conversion Cost and Weighting matrices.
11) End of file.
PLOT OUTPUT GENERATION
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1) FORTRAN.
2) LOAD(BINARY,CN=PLOT,#400)
3) CREATE(PRFILE,1000,T=P)
4) PLOT.
5) 789
6) PLOT SOURCE
7) \
8) PLOT SELECTING DATA
CONTROL CARD EXPLANATION
1) Compiles PLOT source on line 6.
2) Produces an executable PLOT file named PLOT.
3) Creates a large empty output file named PRFILE.
4) Executes PLOT for selected items.
5) End of Control Card record.
6) Position of PLOT source program.
7) End of PLOT record.
8) Position of PLOT item selections.
9) End of file.
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